its own housing was used to measure the blood perfusion in tissue. Use The Doppler frequency spectrum to be measured at the detector is. in case of a single velocity value, peaked at the frequency corresponding with the velocity. In the case of scattering from tissue, it will be smeared out to a functional form resemhling an Gaussian in time, due to the random character of the velocity vector of the blood perfusion in the capillaries and due to multiple scattering in the tissue [8] . This will also be the case with self-mixing velocimetry. Also, the finite divergence of the laser beam of semiconductor lasers (typically 1 0--2()O 1 will contrihute to this randomization.
The relation between the Doppler frequency �f to be observed in the photodiode output and the velocity I' is given by
where /I is the refractive index. II is the angle between the direction of the laser beam and the velocity vector. and>. is the wavelength of the laser light. In case of random velocities or of multiple scattering the value of I' and Ii will be randomized. It can be shown [8] that in this case the first moment (�) of the power spectrum S(w 1 of the frequency distribution of all possible Doppler frequencies, given by
is proportional to the averaged velocity (/') times the number of Doppler scattering particles, i.e .. to the flow of particles. The second particles. when integrated for�' * O. Therefore. the ratio of the first or second moment and the zeroth moment (the normalized or weighted moments) can be considered as being related to the averaged velocity or the averaged squared velocity of the particles respectively [13]:
dIal (4)
We developed a digital signal processor unil 10 derive these moments and the mentioned ratio from the measured signal on an on-line hasis [13] . [14] . After preamplification the photodiode signal is fed via a programmable amplifier. a bandpass filter (set at 30 Hz-30 kHz to select the moving particles of interest). and a fast .l-to-D converter into a TMS-32025 processor unit. Then the moments are calculated from repeatedly taken samples ot the digitIzed photodiode output signal (duty cycle 60 kHz). using zero-time autocorrelation of the signal (for the zeroth moment) and of its time derivative (for the second moment) with a moving time-average technique. The result has an overall time resolution of 1/40 s. This is sufficient in order to be able to measure the he an beat fr equency and its specific details.
The unit is also capable of correcting for noise contributions (detected in a representative band of 30-40 kHz). but use of this option was not needed in the experiment descrihed here.
In the specilic experiments described here we choose a Sharp semiconductor laser, type LTOROMDO. with a wavelength of 780 nm.
operated at 44 rnA. producing 3 mW laser light. This particular laser was chosen hecause of its high wavelength stability. caused by the presence of an extra semi-transparent mirror behind the rear laser cry stal facet. The extra mirror has a strong line-narrowing effect.
The laser was attached directly to the tissue under investigation, the fil1ger tips of several healthy volunteers. The divergence of the beam is about 20°. thus a considerable velocity randomizing effect is obtained. Focusing the beam or imaging was not necessary. Anuther favorable effect of using an unfocused beam is the reduction of the change of damage or injury by local heating of the tissue. This effect may also disturb measurements. since part of the light power of 3 mW is converted into heat. depending upon the absorption characteristics.
In Since the mixing effect can result from reflection as well as from scattering, the tiny movements of the tissue surface at the frequency of the heart beat may also contribute to the Doppler signal. Since the velocity causing this signal is not randomized, the signal will lead to a more peaked frequency spectrum than the contribution from internal scattering, However. it can be shown [14] that these movements, which in first approximation will have an uscillatory character, will
give rise to mixing signals with double heart frequency, This is caused by the fact that the power spectrum cannot distinguish between motions to and from the laser. In the recordings, no indications for this contribution from reflection was observed,
We also tested this point in another manner. Besides the recording of the blood perfusion of the bare finger tip, shown in Fig. 2 . the finger tip was covered with a thin microscope slide cover glass (thickness 170 I'm). A small amount of refractive index matching oil was used between the cover glass and the finger tip, and the laser housing was positioned on the cover glass. carefull y avoiding extra pressure, In doing so we observed similar spectra as in Fig. 2 , which observation excludes possible contributions from moving skin reflections.
We feel we have developed an inmument that. when comhined with a signal processing unit on-a-chip, will be very cheap and easy to apply, and will have the potential to deliver a significant contribution in the field of medical and clinical hlood perfusion measurements,
